Objective. The purpose of this study was to investigate colonization by periodontopathic bacteria and the sites of colonization in elderly upper and lower complete denture wearers. We also investigated the relationship between level of oral hygiene and colonization by periodontopathic bacteria.
Introduction
Longer life expectancy has led to an increase in the aging population in developed countries. Cates et al. reported that the increase in the aging population in the United
States was expected to continue through the 21st century (1) . This growth in the number of elderly may lead to an increase in the number people requiring removable dentures. Douglass et al. predicted that the need for complete dentures in the adult population would increase in the United States (2, 3) . It was assumed that similar tendencies would be found in other developed counties.
More than 700 bacterial species have been detected from the oral cavity (4) . As part of the normal microflora, most of these microorganisms protect the host from infectious disease. However, some of them are involved in the development of diseases such as dental caries, periodontitis and candidiasis (5) (6) (7) (8) . Recent analysis has suggested that oral microorganisms, including periodontopathic bacteria, are involved in the development of systemic diseases such as aspiration pneumonia (9, 10) .
Hämäläinen et al. reported that periodontal infections and complete dentures may act as reservoirs for potentially harmful pathogens (11) . The frequency of pneumonia in elderly persons requiring daily care was reduced by professional oral care (12, 13) .
This disease may be life-threatening and poses a particular risk in the elderly.
The composition of the microflora varies depending on the site in the oral cavity and is affected by changes in the condition of the oral cavity such as loss of teeth. Tooth loss affects the composition of the oral microflora, as the gingival crevice and periodontal pockets are a major niche for oral strict anaerobes (14) . It is assumed that mouth cleaning is unnecessary in edentulous patients, as the target of brushing has disappeared from the oral cavity.
Danser et al. reported that Aggregatibacter actinomycetemcomitans and
Porphyromonas gingivalis disappeared from the oral cavity after loss of all teeth and were not detected again (15, 16) . Sachdeo et al. reported that periodontopathic bacteria, including these species, were detected from denture surfaces and the oral mucosa (17) . However, more data are required on the colonization of the oral cavity by periodontopathic bacteria under edentulous conditions to allow evaluation of oral conditions in edentulous patients based on composition of the oral microflora. To reduce the number of potentially pathogenic oral microorganisms in edentulous healthy patients it is essential to clarify the composition of the oral microflora. However, few studies have investigated the microflora under edentulous conditions. The purpose of this study was to investigate colonization by periodontopathic bacteria and the sites of colonization in elderly upper and lower complete denture wearers. We also investigated the relationship between level of oral hygiene and colonization by periodontopathic bacteria.
Materials and Methods

Participants
Forty edentulous volunteers (16 men, 24 women; 73.5 ± 6.2 years) who were using maxillary and mandibular complete dentures for more than one year and 37 dentulous volunteers (15 men, 22 women; 67.5 ± 8.9 years) participated in the study. The dentulous volunteers had no missing teeth and their CPI codes were 0. All volunteers had received antibiotic therapy or steroid therapy in the 3 months prior to the start of this study. Patients with oral mucosal lesions such as leukoplakia or oral cancer were also excluded from the study. Informed consent was obtained from all participants.
All experiments in the present study were performed in accordance with the Edinburgh Revision of the Helsinki Declaration and the study was approved by the Ethics Committee of Tokyo Dental College (#206). Ryu et al. (18) reported that there was no association between bacterial number in saliva and the properties of the saliva, the material of the denture base (resin or metal) or the duration of edentulism. Therefore, these factors were also excluded.
Collecting of samples
Participants were instructed not to eat, drink or perform oral hygiene for at least 2 hours prior to saliva collection. Whole unstimulated saliva was collected by spitting into sterile cups. Collected whole saliva samples were stored at -80°C until detection of periodontopathic bacteria. Where a volunteer was unable to provide enough saliva to serve as a sample after 10 min, that volunteer was excluded from this study.
Samples were also collected from the surface of the dorsum of the tongue, the buccal mucosa, the hard palate and the basal surfaces and artificial teeth of dentures by swabbing 10 times with dry sterile cotton. Samples from the dorsum were obtained from an area 1 cm × 1 cm square in the center of the anterior terminal sulcus. Samples from the buccal mucosa were obtained from the center of the right buccal mucosal surface around the parotid papilla. Samples from the hard palate were obtained from an area 1 cm × 1 cm square in the center of the hard palate. Samples from the basal surfaces of dentures were obtained from an area 1 cm ×1 cm square at the center of the basal surface of maxillary dentures. Samples from artificial teeth were obtained from the buccal margin area of the right maxillary first molar of the dentures. Obtained samples were suspended with 800 µl Cell Suspension Solution (Gentra Systems, Minnesota, USA) and stored at -80°C until detection.
Microbiological analysis
Quantification of Aggregatibacter actinomycetemcomitans, Prevotella intermedia, Porphyromonas gingivalis, Treponema denticola, Tannerella forsythia and
Fusobacterium nucleatum in saliva samples was performed by modified polymerase chain reaction (PCR) Invader technology as reported by Tadokoro et al (19) . Briefly, bacterial DNA was purified with the Puregene DNA Purification kit (Gentra Systems, Minnesota, USA) and added to 15 μl reaction mixture containing primers for each of the species listed in Table 1 Our previous study indicated that number of Candida species increased with age (20) . Increase in species may affect colonization by periodontopathic bacteria.
Therefore, we investigated the prevalence of Candida species in saliva using Candida GE medium (Nissui, Tokyo, Japan) as described previously (20) . The level of Candida species in saliva was expressed as colony forming units ml -1 (CFUs ml -1 ).
The 6 targeted periodontopathic bacteria in samples from mucosal and denture surfaces were detected by PCR. Genomic DNA of A. actinomycetemcomitans, P.
intermedia, P. gingivalis, T. denticola and T. forsythia were isolated with the Puregene
DNA Purification kit (Genetra Systems, Inc., Minneapolis, MN) as described previously (21) . Periodontopathic bacteria were detected from obtained DNA by PCR as described previously (22, 23) using the specific primers listed in Table 2 . The PCR products were electrophoresed through a 2% agarose gel and visualized under ultraviolet light.
Evaluation of tongue coating status and denture plaque status
To investigate the relationship between oral hygiene and colonization by periodontopathic bacteria, tongue coating status and denture plaque status were evaluated. Evaluation of tongue coating status was performed by using the tongue coating index of Shimizu et al (24) . Denture plaque status was evaluated by the method of Idoji et al. (25) . Dentures were stained with plaque-disclosing solution consisting of Red Coat (Sunstar, Osaka, Japan) and immediately rinsed with water.
Denture plaque status was evaluated visually and described as a denture plaque score as 
Statistics Analysis
The relationships between colonization by periodontopathic bacteria in saliva and presence of teeth were investigated with the Fisher exact test. Correlations between DNA quantification of each of the 6 periodontopathic bacteria investigated in saliva and number of Candida species in saliva were determined with the Spearman rank correlation coefficient. Cluster analysis was employed to investigate trends in periodontopathic bacteria flora in each sampling area. The relationships between colonization by periodontopathic bacteria and level of tongue coating status from the dorsum of tongue and colonization by periodontopathic bacteria and denture plaque status on the denture surface were determined with the Fisher exact test. Statistical analyses were performed using a statistical analysis application (SPSS ver.16.0). A level of 0.05 was considered significant. Table 3 shows the detection rates for the 6 targeted periodontopathic bacteria in saliva in dentulous and edentulous volunteers. Periodontopathic bacteria were detected in both dentulous and edentulous volunteers. A significant association was observed between colonization by all periodontopathic bacteria and the presence of teeth, apart from A.
Results
Detection rate of periodontopathic bacteria in whole saliva
actinomycetemcomitans and F. nucleatum.
Relationship between detection rate of periodontopathic bacteria and Candida species
No association was observed between periodontopathic bacteria and number of Candida species, apart from P. gingivalis. Distribution of DNA quantification of P. gingivalis and number of Candida species is shown in Fig.1 . Detection rate of P. gingivalis was high in volunteers with more than 10 2 CFU/100 μl Candida species compared with in volunteers with less than 10 2 CFU/100 μl Candida species. A significant positive correlation was observed between DNA quantification of P. gingivalis and number of Candida species (r s = 0.520, p = 0.001). Table 4 shows the detection rates of the 6 targeted periodontopathic bacteria from the oral mucosa and denture surfaces. All tested bacteria were detected from the dorsum of the tongue. A. actinomicetemcomitans, P. gingivalis, T. denticola, P. intermedia and F. nucleatum were detected from the basal surface of dentures and artificial teeth. The detection rates of the bacteria, apart from those of P. intermedia and T. forsythia, from denture samples were higher than those from the mucosal samples, excepting those from the dorsum of the tongue. The detection rate of F. nucleatum was the highest in all areas. T. forsythia was not detected from denture samples. The results of the cluster analysis are shown in Fig. 2 . Sites were separated into two clusters based on detection rate. Cluster 1 consisted of the basal surface of the denture, artificial teeth and dorsum of the tongue and cluster 2 consisted of the buccal surface and hard palate.
Detection rate of periodontopathic bacteria from soft tissue and denture samples in edentulous volunteers
Relationship between oral hygiene status and colonization by periodontopathic bacteria
The detection rates of periodontopathic bacteria on the dorsum of the tongue in the higher tongue coating and lower tongue coating groups are shown in Fig. 3 .
Colonization by all bacteria on the dorsum of the tongue in the higher tongue coating status group was significantly higher than that in the lower tongue coating status group (p <0.05 by Fisher's exact test). The detection rates of periodontopathic bacteria on the denture surface are shown in Fig. 4 . Colonization of the denture surface by T. denticola and F. nucleatum in the higher tongue coating status group was significantly higher than that in the lower tongue coating status group (p <0.05 by Fisher's exact test).
Discussion
In the present study, periodontopathic bacteria were detected in saliva in edentulous volunteers, although the amounts detected were lower than those in dentulous volunteers. As most of these microorganisms are obligate anaerobes, it is reasonable to assume this was due to the absence of the gingival crevice in the edentulous group, a major niche of periodontopathic bacteria. Danser et al. reported that Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis disappeared from the oral cavity after loss of all teeth and were not detected again in denture-wearing subjects with a history of periodontitis (15, 16) or in edentulous patients with dental implants (15, 16) .
However, in the present study, these bacteria were detected in saliva and on the surface These observations indicate that these periodontopathic bacteria colonize the oral cavity, even under edentulous conditions. Colonization by periodontopathic bacteria has also been suggested to increase the risk of systemic disease, although further analysis is required to confirm this.
Colonization by A. actinomycetemcomitans and F. nucleatum was not affected by the presence of teeth in the present results. As A. actinomycetemcomitans is a facultative anaerobe, this organism would not be affected by the absence of anaerobic conditions such as that occurring in tooth loss. Furthermore, this microorganism has several factors involved in adherence to host cells (26, 27) . These adherence factors may be involved in colonization of the mucosal surface by this microorganism. F.
nucleatum has also been reported to adhere to human oral epithelial cells, gingival fibroblasts and collagen (28, 29) . In addition, this microorganism is able to adhere to multiple species of microorganisms (30) . F. nucleatum has been shown to be able to colonize the oral cavity in edentulous infants (31) . This ability in F. nucleatum may explain its relatively high detection level from the oral cavity in both dentulous and edentulous volunteers.
In the present study, the detection rate of P. gingivalis showed an increase when the detection rate of Candida species was more than 10 2 CFU/100 µl. Candida species organize biofilm according to increase in number. It is possible that the anaerobic conditions in biofilm organized by Candida species are conducive to colonization by P.
gingivalis. Candida species were frequently isolated from the oral cavity in elderly patients (20, 32, 33) and are one of the major species of denture plaque (34) . In the present study, the detection rate of P. gingivalis on the denture surface was higher than that in saliva. It is possible that biofilm formation by Candida species on the denture surface is conducive to colonization by P. gingivalis, although further study on the effect of Candida species on colonization by P. gingivalis is required to confirm this.
In the present study A. actinomycetemcomitans, P. gingivalis, T. denticola, P.
intermedia and F. nucleatum were detected from the denture surface. This result is in agreement with that of Sachdeo et al (17) . Yamauchi et al. reported that P. gingivalis had the ability to adhere to denture base resin (35) . The present results indicate that P.
gingivalis, T. denticola, P. intermedia and F. nucleatum have the ability to colonize the surface of the denture. Sachdeo et al. (17) reported that T. forsythia was also detected from the denture surface, although the detection rate of T. forsythia was lower than those of P. gingivalis, T. denticola, P. intermedia and F. nucleatum. T. forsythia requires products from other microorganisms such as F. nucleatum (36) . The fastidious nature of this microorganism may make it difficult for it to increase on the oral mucosal surface. However, T. forsythia may have colonized the surface of the dentures in the present study, because the detection rate by PCR was low.
In the present study, all the targeted bacteria were detected from the dorsum of the The results of the cluster analysis showed that the hard palate and buccal surface were categorized into one cluster and the dorsum of the tongue, denture surface and artificial teeth into another. The detection rates for the dorsum of the tongue, denture surface and artificial teeth were higher than those at other sites. This categorization is in partial agreement with that obtained by Sachdeo et al (17) . The present results also suggest variation in the anaerobic microflora depending on site. Further analysis is required, however, to clarify variation in the microflora in the oral cavity.
Tongue coating status was associated with the detection rate of all the periodontopathic bacteria targeted, and denture plaque status was associated with the detection rates of T. denticola and F. nucleatum. Little information is available on the relationship between oral hygiene level and the detection of periodontopathic bacteria in edentulous patients. We previously reported that level of oral hygiene was related to the number of salivary bacteria (37). The present results suggest that the tongue and denture plaque status are involved in colonization by periodontopathic bacteria.
Taken together, these results indicate that periodontopathic bacteria still colonize under edentulous conditions and that colonization by periodontopathic bacteria is associated with level of oral hygiene. This suggests that cleaning of these areas would be an effective tool in oral health care for edentulous patients. Furthermore, the results suggest that monitoring of oral microflora is important in evaluating the condition of the oral cavity and that it is necessary to provide cleaning in edentulous patients.
Conclusion
Periodontopathic bacteria were detected in all sampling areas in edentulous patients, and colonization by A. actinomycetemcomitans and F. nucleatum in saliva was not affected by the presence or absence of teeth. In addition, the oral hygiene status of the mucosal or denture surfaces affected colonization by periodontopathic bacteria. 267-275. T. forsythia, Fn: F. nucleatum
Figure Legends
Detection rate of periodontopathic bacteria in lower tongue coating status group was lower than that in higher tongue coating status group. Tongue coating status and colonization by periodontopathic bacteria Table 2 List of species-specific primers for PCR to detect 6 targeted periodontopathic bacteria.
Primer pairs ( 
